Recent results of randomized trials testing the efficacy of xylitol in caries prevention have been conflicting. This narrative review reveals the sources of discrepancy. The following databases were searched for the terms "xylitol" or "artificial sweeteners" restricted to the English language: PubMed,
and the reversible nature of deand remineralization of dental enamel. Although some studies had a long enough duration to observe cariogenicity [Sintes et al., 1995; Mäkinen et al., 1996a; Sintes et al., 2002; Mäkinen et al., 2005] , various methodological deficiencies make it difficult to conclusively determine the efficacy of xylitol in caries prevention. Furthermore, many factors affect cariogenicity, including the acidogenic potential of fermentable carbohydrates, alterations in salivary flow, frequency, and type of carbohydrate exposure, stickiness of carbohydrates, and oral hygiene selfcare [DePaola et al., 1989] . Unfortunately, confounding factors such as oral self-care practice, diet characteristics, and fermentable carbohydrate exposure frequency have not been controlled for in any of the studies evaluating the anticariogenic effect of xylitol.
To offer as evidence for causality, only original research in longitudinal or intervention studies should be considered as scientific proof. Thus, reviews or expert opinions were not included. To date, many studies have substantial shortcomings such as poor evidence of causal direction and absence of an appropriate control group. Nevertheless, others listed studies that used no or inappropriate controls as strong evidence for the anticariogenicity of xylitol [Maguire and Rugg-Gunn, 2003 ]. Most well-conducted reviews reported the evidence of "poor quality" without critical assessment of the methodology or the deficiencies thereof. Clear delineation of deficiencies in each study will expand our scientific understanding and knowledge.
Low-or anticariogenicity of xylitol can be attributable to its passive substitution of fermentable carbohydrates [Van Loveren, 2004] and subsequent reduction of acidogenic potential [Bradshaw and Marsh, 1994] , increased salivary flow [Dowd, 1999] , and inhibition of cariogenic Streptococcus mutans [Vadeboncoeur et al., 1983; Trahan et al., 1985] . However, a recent research trend testing xylitol as an active caries suppressor resulted in many null results.
Methodologic Issues in Caries Research
Several randomized trials in children reported reduced caries activities after intervention with xylitol, but the study designs and executions were fraught with deficiencies and biases. In multigroup comparison analyses such as in ANOVA, one group (for example, no chewing gum group) can result in a highly significant p value. To avoid biases such as this, if the intervention is chewing xylitol gum, increased salivary flow due to the mechanical action of chewing has to be controlled by employing chewing gum base without the active ingredient as a reference. Not using any gum as a comparator group will bias the results as shown in one study [Mäkinen et al., 1995] . Nevertheless, this study has been quoted as the largest study with a positive impact of xylitol chewing gum on dental caries.
If xylitol wipes were used as an intervention, the control group should employ wipes without xylitol, to eliminate bias from the mechanical removal of biofilm by wiping [Zhan et al., 2012] . Wiping action with different forces will also generate another bias. Additionally, if the outcome was measured by dmfs or dmft in the mixed dentition, missing teeth due to natural exfoliation might have a different rate of caries, and this will bias the results.
A recent elaborate trial in adults resulted in a null result due to using a control that has similar anticaries action [Bader et al., 2013] . This study employed as a reference group sucralose, which also inhibits glucosyltransferase in S. mutans [Bowen and Pearson, 1992; Bowen, 2013] . Thus, both experimental and control groups used low-cariogenic sweeteners which decreased the contrast between the groups [Smith et al., 1979; Devulapalle and Mooser, 2001] . For the same reason, comparing xylitolcontaining toothpaste to sorbitol-containing toothpaste did not generate a significant reduction in dental caries in children [Chi et al., 2014] . As expected, the contrast between xylitol and other low-cariogenic sweeteners such as sucralose or sorbitol was not significantly different. We recognize the ethical dilemma of not employing sucrose as a control group because it has been proven to be cariogenic in humans. Nevertheless, using other low-cariogenic controls will diminish the difference between the groups and result in a nonsignificant anticaries action of xylitol. This will generate the impression that xylitol has no anticariogenic action, which may not be correct.
To determine statistically significant differences in this kind of trial, the changes from baseline to the study end in the experimental group must be compared to the changes in the control group. Unfortunately, many trials compared only the values after the test. As shown in Figure 1 (simulated data), if only posttreatment values are compared, it appears the xylitol group has lower caries activities. However, if using the correct method of comparing the changes from baseline in the two groups, the results will not be significant, because the two groups are exactly parallel, which means the intervention did not bring any changes. In a recent trial, xylitol-containing chewing gum plus oral health education was compared to oral health education alone among hearing-and visionimpaired children. The results showed the significant anticaries and antiplague effects of xylitol-containing chew-ing gum use. However, this study may also be biased because the study ignored the chewing-related salivary flow increase and its cleansing action [Watthanasaen et al., 2017] . Notably, chewing gum may not be an appropriate intervention for the elderly population who commonly have temporomandibular dysfunction [Nguyen et al., 2018] .
Superiority of Xylitol over Other Sugar Alcohols
To demonstrate the superiority of xylitol over other low-cariogenic sweeteners, the results must show a significant decrease in caries incidence in the xylitol group. However, xylitol was superior in one study [Splieth et al., 2009] , and sorbitol was superior in another [Wennerholm and Emilson, 1989] . Comparing erythritol/maltitol versus xylitol/maltitol (which is basically comparing erythritol to xylitol because maltitol is constant in both groups) did not result in caries reduction [Lenkkeri et al., 2012] . All these conflicting results brought skepticism regarding the anticariogenicity of xylitol in the public's view. However, the meta-analysis by Deshpande and Jadad [2008] , which we did not include in our review because it is not an original research, reported that that chewing gums containing xylitol decreased caries rate by 58.7% and those containing sorbitol by 20%. However, their results did not account for caries reduction due to salivary flow or mechanical stimulation of chewing-related anticariogenicity and, thus, may be biased [Deshpande and Jadad, 2008] .
Perhaps, it is useful to define "anticariogenicity" here as "any process that decreases caries experience." Anticariogenicity in this context includes fluoride application, Listerine mouth rinse, chlorhexidine rinse, and increased salivary flow. Xylitol decreases caries by inhibiting glucosyltransferase which blocks glucose utilization by S. mutans and their adhesion to the tooth surface. The anticariogenicity of xylitol chewing gum, however, is the combined effect of glucosyltransferase-related anticariogenicity plus chewing-related anticariogenicity. Thus, to prove the pure anticaries action of xylitol, the control group must chew similar gum base without xylitol.
Cariogenic Bacteria Quantification
Several studies quantified S. mutans or Streptococcus mitis when xylitol was consumed. Significantly decreased S. mutans in the saliva was observed with xylitol consumption [Wennerholm et al., 1994] . However, sugar restriction also decreased the level of S. mutans indicating that the inhibition of S. mutans is a passive suppression via sugar depletion [Wennerholm et al., 1995] . Meanwhile, consumption of xylitol-containing snacks and candy did not reduce S. mutans levels [Roberts et al., 2002] . The S. mutans quantification may assume that S. mutans is the leading cariogenic microbe. In reality, Lactobacillus spp. and Actinomyces could also contribute to caries development [Brailsford et al., 1999; Beighton, 2005; Caufield et al., 2007; Thabuis et al., 2013] . However, all these microbes could be innocent bystanders that tolerate low pH generated by fermentation of carbohydrates and may not be causative agents for caries [Beighton, 2005] . This bystander theory can be corroborated by the fact that their numbers and pH-lowering potential were not statistically different between caries-prone groups and groups that are not caries prone [Sansone et al., 1993] .
Maternal Transmission of Cariogenic Bacteria to Children
Several groups examined mother and child pairs assessing the maternal xylitol consumption and transmission of bacteria to their child in randomized trials. When the child is newly born, the mother's immunity may affect the neonate's immunity. But after 6 months, when the child starts eating solid foods, the mother's xylitol gum chewing may have a very little impact on the child's oral microbiome. It is well known that the microbial community evolves with the available substrates and the diet, as shown in the gut microbiome [David et al., 2014; Vieira et al., 2014] as well as in the oral cavity [Ribeiro et al., 2017] . Interestingly, the time frame of solid food introduction coincided with the reported colonization of S. mutans in 20% of infants aged 6-9 months [Mohan et al., 1998 ]. Nevertheless, several studies reported a potentially spurious correlation of maternal xylitol consumption with offspring dental caries incidence [Isokangas et al., 2000; Söderling et al., 2001] . Meanwhile, others did not find any such protective action of maternal xylitol consumption on children's caries activities [Thorild et al., 2004; Hanno et al., 2011] . Also, 50% of children in the low-S. mutans group were cared for by persons other than the mother suggesting that the S. mutans level might have been linked to the diet shared by mother and child [Caufield et al., 1993] . The child's inoculation of oral S. mutans is multifactorial. It has been proven that age, number of teeth, and bottle with sugared beverage usage were all related to the emergence of S. mutans in the child's oral cavity [Mohan et al., 1998 ].
Comparison of Xylitol to Fluoride Products
It has been reported that the low acidogenicity of xylitol may aid subsequent low-cariogenic action as a "passive process of substituting sugar or other fermentable carbohydrates" [Imfeld, 1993] . A clear reduction of fermentation of xylitol compared with natural glucose, sucrose, and fructose has been shown in vitro, and xylitol did not lower the pH below the critical value of 5.5 [Splieth et al., 2009; Almståhl et al., 2013] . Some early studies, however, did not observe any changes in the acidogenic potential with xylitol mouth rinse in comparison to fluoride rinse [Giertsen et al., 1999] . This study has proven that anticariogenicity of xylitol mouth rinse is not superior to fluoride rinse.
Several recent randomized trials exhibited better methodologic quality, and yet results were conflicting [Zhan et al., 2012; Lee et al., 2015] . Lee et al. [2015] reported that "Xylitol consumption did not have an additional benefit over fluoride treatment." In 2012, Zhan et al. enrolled 6-to 35-month-old children (n = 44) and randomly assigned them to xylitol wipes or wipes without active ingredients. At the end of the study (12 months), they observed "significant reduction in new caries in xylitol wipes group" but "no significant differences were observed in levels of mutans streptococci and lactobacilli at all time-points between the two groups" [Zhan et al., 2012] . However, the imbalance in maternal snacking patterns and the force of wiping biofilm could have biased the results of this trial. Randomization may not balance all risk factors when the sample size is small [Rothman, 1977] .
Another recent trial among adults reported a significant decrease in incipient dental caries and progression of the same in the xylitol chewing gum group compared with the group that chewed gum sweetened with a combination of isomalt, sorbitol, mannitol, and maltitol for 1 year [Cocco et al., 2017] . Unlike in the previous study [Bader et al., 2013] , Cocco et al. [2017] prohibited other dental caries-limiting activities such as fluoride treatment during the experiment, except for personal oral hygiene practices, but we question the ethical basis for this prohibition. They reported a significantly lower caries increment with xylitol chewing gum use for 1 year compared with polyol gum use. Their overall results should read "The comparison between the two follow-up evaluations (12 and 24 months from baseline) showed no statistically significant differences between the two groups" but xylitol gum chewing showed slightly lower dental caries experience in the severe-caries group. However, gum chewing may be contraindicated in older adults to avoid temporomandibular dysfunction [Tabrizi et al., 2014; Nguyen et al., 2018] .
Concluding Remarks
The relationship of xylitol with dental caries can be summarized as follows:
The evidence that chewing gum containing xylitol is superior to chewing sugared gum is reasonably strong with relatively little bias [Scheinin et al., 1975] .
The evidence for the mechanism that xylitol suppresses dental caries via inhibition of glucosyltransferases in cariogenic bacteria is reasonably strong [Devulapalle and Mooser, 2001; Bowen and Koo, 2011] . However, sorbitol and sucralose also demonstrated similar anticariogenic effects in animal models [Bowen and Pearson, 1992] .
The evidence regarding low acidogenicity of xylitol is sufficiently strong [Marsh et al., 1992; Almståhl et al., 2013] .
The evidence for superior noncariogenicity of xylitol over other sugar alcohols is not sufficient. Several studies reported that erythritol may be comparable [Thabuis et al., 2013] or superior to xylitol in caries inhibition [Falony et al., 2016] . However, many of these studies were conducted in children with mixed dentition where missing teeth might have different rates of caries, and this information was not considered. Thus, the missing teeth would have biased the results.
The evidence is insufficient to support the thesis that the anticariogenic effect of xylitol is comparable to fluoride or chlorhexidine [Giertsen et al., 1999] . However, some large-scale trials in school children reported improved anticaries action of toothpaste with added xylitol in addition to fluoride [Sintes et al., 1995 [Sintes et al., , 2002 . However, the outcome which ignored caries activities in missing teeth could have biased the results. The evidence regarding whether xylitol promotes remineralization is equivocal. In 2 in vitro studies, one study result supports the remineralization capability of xylitol [Cardoso et al., 2014] while the other does not [Shen et al., 2017] . In the former study, the remineralization was observed in conjunction with fluoride plus xylitol. Thus, the independent action of xylitol on remineralization cannot be determined.
The evidence regarding maternal xylitol consumption preventing children's dental caries is highly spurious. Other prenatal nutrients (for example, vitamin D) could influence the enamel strength and subsequent dental caries susceptibility [Schroth et al., 2014] . Thus, attributing lower dental caries incidence in children solely to maternal xylitol consumption is overly simplistic.
In summary, xylitol may be useful as a low-cariogenic sweetener [Fontana and González-Cabezas, 2012] , and this benefit is from passively replacing fermentable sugar [Imfeld, 1993] . Additionally, some systemic adverse effects must be considered before recommending wider xylitol use. These systemic effects of xylitol consumption will be discussed in the next section.
Xylitol in Systemic Health

Xylitol and Low-Glycemic Effects
In 1986, the United States Food and Drug Administration declared xylitol as safe for human use. Since then, it has been registered as "generally safe" for utilization in foods, pharmaceuticals, and oral health care products in many countries. Generally, safe amounts of xylitol consumption are 50 g/day for adults and 20 g/day in children, respectively [Ur-Rehman et al., 2015] ; 50 g of xylitol are also safe in infusion solutions for parenteral nutrition [Schneider et al., 2014] .
Xylitol belongs to the group of sugar alcohols, polyols, in which the carbonyl moiety (---C = O) of carbohydrates is replaced by an alcohol radical (---CH-OH). For this reason, most names of sugar alcohols end with "ol" [Nadimi et al., 2011] . Substitution of the carbonyl group with an alcohol group hinders digestion and metabolism, which contributes to the low-glycemic and insulinemic properties [Livesey, 2003] . The increased carbon number of the backbone structure is inversely related to the absorption rate in the intestine. Absorbed xylitol is converted to glycogen or glucose, which is slowly released to the bloodstream. Thus, xylitol demonstrated low-glycemic as well as low-insulinemic indices [Livesey, 2003 ]. These qualities of xylitol are highly desirable for maintaining stable glucose levels in diabetic subjects [Livesey, 2003] .
Also, gastric emptying was significantly slower with xylitol intake as shown in a recent double-blind, crossover, randomized trial among 5 lean and 5 obese humans [Wölnerhanssen et al., 2016] . This can prevent hunger sensation and food intake. However, low-insulinemic effects were only slightly affected [Wölnerhanssen et al., 2016] . Interestingly, in lean subjects, xylitol intake did not affect glucose excursion, but in obese individuals, it significantly increased plasma glucose response (AUC 0-180 min ) suggesting that obesity is the effect modifier [Wölnerhanssen et al., 2016] .
The hallmark of low-glycemic foods is low postprandial glucose excursion, which prevents the subsequent severe hypoglycemic trough [Zhang et al., 2012] . Some more important factors in determining postprandial glycemic response include the fiber contents, ripeness of fruits, fat contents, and the degree of pulverization (in whole grains) [Janket et al., 2008] . In general, low-glycemic foods require extensive mastication due to high fiber content. Thus, dental health directly affects healthy glycemic control aside from a standpoint of inflammation of oral infections [Janket et al., 2008] . With low-glycemic response and slow gastric emptying [Livesey, 2001] , xylitol helps in both preventing obesity and maintaining a steady glucose level, an ideal condition for diabetic patients [Nguyen et al., 1993; Natah et al., 1997] .
However, recent animal studies conflict with these human studies [Natah et al., 1997; Reyna et al., 2003 ]. In mice, artificial sweeteners reportedly caused impaired glucose responses [Swithers et al., 2013; Suez et al., 2014] . High-sugar/high-fat diets given to the mice simultaneously in these studies might have biased the results. Weight gain alters the microbiome as previously reported [Janket et al., 2015 [Janket et al., , 2018 . Although a prominent medical website also has warned readers of the hyperglycemic effects of sugar alcohol consumption [Mayo, 2016] , this claim was proven to be a misinterpretation of the original reference [American Diabetes, 2016] . Furthermore, the results from human randomized trials did not support the thesis that artificial sweeteners produce hyperglycemic responses [Grotz et al., 2003; Barriocanal et al., 2008; Maki et al., 2008] . Only when a low-calorie experimental diet was given with sucralose, were significant low-glycemic effects observed [Reyna et al., 2003] . Thus, diet and body weight are strong confounders in the glycemic responses from artificial sweeteners [Reyna et al., 2003; Janket et al., 2015] . The glycemic benefits of artificial sweeteners are likely via the replacement of fermentable car-DOI: 10.1159/000499194 bohydrates rather than any direct effects [Gardner et al., 2012] . The controversies regarding the role of artificial sweeteners on weight and glycemic control will not subside until large-scale randomized trials in humans with controlled physical activities and diets can be conducted.
The potential untoward consequences associated with the xylitol consumption must also be mentioned. Unabsorbed xylitol can be fermented in the colon by bacteria, resulting in the production of a considerable amount of hydrogen. Some researchers speculate that hydrogen from fermented carbohydrates may alleviate autoimmune colitis by neutralizing oxidative stress [Zhang et al., 2012] . Also, unabsorbed and subsequently fermented xylitol may contribute to the generation of butyric acid that helps in maintaining healthy colonic mucosa [Mäkeläi-nen et al., 2007] . However, the hydrogen gas can also cause flatulence [Sels et al., 1998; Mäkeläinen et al., 2007] , and unabsorbed xylitol in the gut can also increase osmotic pressure and cause laxation and diarrhea [Mäkin-en, 1984; Storey et al., 2007; Mäkinen, 2016; ] . Additionally, the fecal microbiome was reported to shift from gram-negative to gram-positive bacteria with xylitol consumption [Salminen et al., 1985] . Therefore, utilization of xylitol for its low-glycemic/insulinemic benefits requires careful consideration [Livesey, 2001] . Intestinal dysbiosis associated with xylitol consumption will be discussed further in the next section.
Xylitol Intake and Gut Dysbiosis
The human gut has approximately 100 trillion microbes encompassing 35,000 bacterial species called "gut microbiome" [Frank et al., 2007] . Specific anatomical niches have unique microbiomes [Lloyd-Price et al., 2016] , and they are cohabiting and co-evolving with humans. The 4 predominant groups of the gut microbiome are Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria followed by archaea, viruses, and fungi. A healthy gut contains Firmicutes (32.4-36.5%) and Bacteroidetes (42.0-46.3%). These proportions change in obesity to Firmicutes 48.1% and Bacteroidetes 31.3% [Koliada et al., 2017] .
Unlike the gut, the oral cavity is dominated by Firmicutes (41%) and Proteobacteria (20.1%) followed by Bacteroidetes (13%) and Actinobacteria (11.3%) [Dewhirst et al., 2010] . Well-known oral Firmicutes include staphylococci and streptococci, while oral proteobacteria are comprised of gram-negative phyla that include Pseudomonadaceae, Neisseria, Campylobacter, and Helicobacter genera [Dewhirst et al., 2010] . Meanwhile, predominant gut proteobacteria include Brucella, Rickettsia as well as Escherichia, Shigella, Salmonella, and Helicobacter. Lastly, oral Bacteroidetes are comprised of the genera Prevotella, Bacteroides, Porphyromonas, Tannerella, Bergeyella, Capnocytophaga, and Actinobacteria [Dewhirst et al., 2010] . Some oral Bacteroidetes are implicated in periodontitis [Mombelli et al., 2000] .
What one eats has profound impacts on the oral and gut microbiome and general health [Cani et al., 2008] . Another example of diet influencing the microbiome can be found in the study by De Filippo et al. [2010] where Prevotella and Xylanibacter are enriched in children eating high-fiber diets in Burkina Faso (Fig. 2) . These bacte- ria are minimally present in European children consuming a high-sugar/high-fat Western diet. These facts suggest that a high-fiber African diet may encourage Bacteroidetes growth while the Western diets enrich the growth of Firmicutes [De Filippo et al., 2010] . The microbial composition changes due to different diets are shown in Figure 2 . It is plausible for the microbiome to change with artificial sweeteners like xylitol which inhibits the growth of predominantly glucose fermenting microbiotas via glucosyltransferase. Indeed, the fecal microbiome shifted from gram-negative to gram-positive bacteria in humans and mice after xylitol consumption [Salminen et al., 1985] . It can be postulated that Firmicutes including streptococci die off in the gut and be excreted in feces.
Also, several animal studies reported dysbiosis with artificial sweetener consumption resulting in subsequent impaired glucose metabolism and weight gain [Suez et al., 2014; Burke and Small, 2015] . More specifically, moderate doses of xylitol consumption added to high-fat diets in mice resulted in decreased Bacteroidetes proportion, notably the genus Barnesiella in the family of Porphyromonadaceae while increasing the Firmicutes proportion [Uebanso et al., 2017] . These changes are consistent with the observation in obesity, where the Firmicutes/Bacteroidetes ratio was increased. However, upon examining this study carefully, xylitol in the control diet did not change the weight of the mice. Thus, these dysbiotic changes may be attributable to the high-fat diet [Uebanso et al., 2017] .
Gut dysbiosis has been widely believed to cause the metabolic syndrome and other obesity-related comorbidities, but studies that put forth this hypothesis have failed to apply all the causality establishment criteria [Janket et al., 2018] . In a murine model, mice fed Splenda (sucralose and maltodextrin) increased proteobacteria, dysbiosis, and myeloperoxidase reactivity [Rodriguez-Palacios et al., 2018] . However, the increase in proteobacteria could be filling the voids generated by decreased Firmicutes (i.e., streptococci). Indeed, one expert stated that erroneous conclusions can be drawn in identifying one specific microbiota from the microbiome [Cani, 2018] . In vitro human fecal culture with xylitol has increased Anaerostipes hadrus or A. caccae, butyrate producers [Sato et al., 2017] . However, fecal culture is totally different from human trials where many foods and microbiotas are present simultaneously. It is nearly impossible to find one or several microbes causative to the human condition [Foster et al., 2017; Geva-Zatorsky et al., 2017] . Clearly, diet alters the gut microbiome. Therefore, unless the diet is identical in these studies, artificial sweeteners cannot be held culpable for gut dysbiosis. Further research is needed to elucidate how the microbiome changes with the intake of xylitol while holding the diet strictly the same between the compared groups.
Despite the low-glycemic and insulinemic effects of xylitol intake [Natah et al., 1997] , several studies reported increased oxaluria, calciuria, and phosphaturia, which are risk factors for urolithiasis [Nguyen et al., 1993; Rodgers et al., 2009] . Researchers speculated that ketohexokinase and aldolase might be involved in oxalic acid formation [Rodgers et al., 2009] . The cause for the oxaluria, calciuria, and phosphaturia from xylitol consumption could be attributable to osmotic diarrhea which may cause metabolic acidosis [Narchi, 1998 ]. In acidosis, calcium reabsorption decreases leading to calciuria [Lemann et al., 1967] . However, any reference that shows xylitol consumption actually leads to urolithiasis in humans cannot be found.
On a positive note, an in vitro study has proven that xylitol suppressed the growth of α-hemolytic, β-hemolytic streptococci, and S. pneumoniae [Kontiokari et al., 1995] . Assuming the same is true in vivo, xylitol use in cold medications would be beneficial in this regard [Janket, 2012] . Unfortunately, more detrimental results of consumption of xylitol or other artificial sweeteners are mounting. In murine models, Streptococcaceae Streptococcus, Dehalobacterium, Anaerostipes, and Ruminococcus were reduced in sucralose-treated mice as expected from glucosyltransferase inhibition [Bian et al., 2017] . These bacteria were inversely associated with colonic inflammation [Willing et al., 2010; Munyaka et al., 2016] . However, upon careful inspection of the reference, it became evident that the gut inflammation caused dysbiosis [Willing et al., 2010; Munyaka et al., 2016] , not the artificial sweetener. The sequence of biologic phenomena is important in establishing causality. In the study by Munyaka et al. [2016] , gut inflammation was developed by colitis which was induced by dextran sulfate sodium, and colitis resulted in dysbiosis [Janket et al., 2018] .
Lastly, some caveats must be stated regarding blind trust in microbiome sequencing data. Due to the variety of factors, this hugely popular concept of gut microbiome research has several flaws. Some studies revealed that microbiome alteration due to diet is largely dependent on genetics [O'Connor et al., 2014] and the analysis technique [Hugon et al., 2013] . Thus, the true diversity of the human gut microbiome remains unknown, and using fecal analyses to estimate the gut microbiome can be a major source of bias in understanding the causal role of the microbiome in human health [Janket et al., 2018] . DOI: 10.1159/000499194 [Livesey, 2003] Xylitol intake and slow gastric emptying • Prevent hunger sensation and food intake; low-insulinemic effects were only slightly affected [Wölnerhanssen et al., 2016] • Lean subjects: xylitol intake did not affect glucose excursion • Obese individuals: glucose excursion significantly increased plasma glucose response (AUC 0-180 min ) suggesting that obesity is the effect modifier [Wölnerhanssen et al., 2016] Xylitol + low-glycemic response + slow gastric emptying • Helps in preventing obesity and maintaining a steady glucose level, an ideal condition for diabetic patients [Nguyen et al., 1993; Natah et al., 1997] • Only a low-calorie experimental diet given with sucralose resulted in significant low-glycemic effects [Reyna et al., 2003 ]; thus, diet and body weight are strong confounders in the glycemic responses from artificial sweeteners [Reyna et al., 2003; Janket et al., 2015] Xylitol and butyric acid • Helps in maintaining healthy colonic mucosa [Mäkeläinen et al., 2007] Negative effects Xylitol in the gut • Increase osmotic pressure and cause laxation and diarrhea [Mäkinen, 1984; Storey et al., 2007; Mäkinen, 2016] Xylitol and fecal microbiome • Reported to shift from gram-negative to gram-positive bacteria with xylitol consumption [Salminen et al., 1985] • Hence, utilization of xylitol for its low-glycemic/insulinemic benefits requires careful consideration [Livesey, 2001] Xylitol intake and gut dysbiosis Positive effects Role of xylitol in suppressing the growth of α-and β-hemolytic streptococci, as well as S. pneumoniae in vitro [Kontiokari et al., 1995] • Assuming the same is true in vivo, xylitol use in cold medications would be beneficial in this regard [Janket, 2012] Negative effects Xylitol and microbiome • Suppression of glucosyltransferase by xylitol inhibits the growth of predominantly glucose-fermenting microbiotas • Fecal microbiome shifted from gram-negative to gram-positive bacteria in humans and mice after xylitol consumption [Salminen et al., 1985] Xylitol and dysbiosis (animal studies) • Resulted in subsequently impaired glucose metabolism and weight gain [Suez et al., 2014; Burke and Small, 2015] • Moderate doses of xylitol consumption added to high-fat diets in mice resulted in decreased Bacteroidetes proportion, notably the genus Barnesiella in the family of Porphyromonadaceae while increasing the Firmicutes proportion [Uebanso et al., 2017] • These changes are consistent with obesity, where the Firmicutes/Bacteroidetes ratio was increased • Upon examining this study carefully, xylitol in the control diet did not change the weight of the mice; thus, these dysbiotic changes may be attributable to the highfat diet [Uebanso et al., 2017] • These facts suggest that a high-fiber African diet may encourage Bacteroidetes growth while the Western diets enrich the growth of Firmicutes [De Filippo et al., 2010 ] Xylitol and metabolic acidosis Xylitol consumption could be attributable to osmotic diarrhea which may cause metabolic acidosis [Narchi, 1998] • This relationship results in increased oxaluria, calciuria, and phosphaturia, which are risk factors for urolithiasis [Nguyen et al., 1993; Rodgers et al., 2009 In conclusion, xylitol has anticaries action when it replaces sugar. Also, low-glycemic and insulinemic effects of xylitol may be beneficial in maintaining a steady glucose level in both diabetic and nondiabetic populations. Whether our attempt to reduce dental caries by suppressing S. mutans will inadvertently cause dysbiosis must be elucidated in future research. Additionally, adverse systemic effects of xylitol require careful further scrutiny. Systemic effects of xylitol intake are summarized in Table 1 .
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